We describe the effects of Darbepoietin-alfa (Darbe) administration in Multiple Myeloma (MM) after autologous hemopoietic progenitor cell transplantation (AHPCT). 26 MM patients undergoing AHPCT entered this study. 34 hemoglobin (Hb)-matched patients who had not received recombinant human erythropoietin (Epo) or Darbe and were treated with the same protocol were retrospectively selected for comparative data. Darbe (150 micro g total dose/weekly) was initiating in four weeks after AHPCT, with the aim of achieving an Hb level of ≥11 g/dL. The time to response to Darbe therapy was longer in the patients with Hb < 10 g/dL (p = 0.05) and with endogenous Epo levels ≤ 50 mU/ml (p = 0.0098). Hb level on day 60 and 90 after AHPCT, was faster for Darbe recipients (12.5, range 9.4 -15.4, vs 10.6, range 8.8 -13.4 g/dL, p = 0.0001, and 13.5, range 12.3 -14.3, vs 12, range 9.8 -14 g/dL, respectively, p = 0.0001). The need for Red Blood Cells transfusion, included in the period of 30 -90 days post-AHPCT was similar (p = ns). This study demonstrates the accelerating effect of Darbe on Hb increase in the setting evaluated and shows that this effect signifycantly depends on the endogenous Epo level at the start of treatment. The strategy of giving Darbe around 1 month after high-dose melphalan (HDM) doesn't reduce RBC transfusion requirement.
Introduction
Symptomatic anemia represents one of the major causes of morbidity in cancer patients and is associated with decreased functional capacities and compromised health related quality of life. In multiple myeloma (MM), anemia is most commonly due to chronic disease and bone marrow tumor infiltration and, in some cases, concomitant renal failure. Treatment with myelosuppressive chemotherapeutic agents further contributes to the anemia experienced by these patients [1] . Blood transfusion is generally the most common approach to treat anemia in patients receiving chemotherapy. The additional immunosuppression induced by transfusions increases the well-known risk of infection by blood products, not entirely overcome by the use of screening tests, and adversely influences disease control [2] . The beneficial effects of rHuEpo are well known and are not only related to the elimination of transfusion risks, but also to the improvement of functioning and health-related quality of life in anemic cancer patients [3] [4] [5] [6] . It has been repeatedly demonstrated that anemia, reported in up to 70% of patients with MM [7] , benefits of rHuEpo administration, either in terms of its prevention or its amelioration, with an overall reduction of Red Blood Cells (RBC) transfusion requirements and improvement in quality of life [8, 9] . Looking at the bone marrow transplantation scenario, the administration of rHuEpo has been shown to be effective in reducing both the time to RBC transfusion independence and the number of RBC transfusions in the allogeneic setting [10] [11] [12] . Conversely, early rHuEpo administration in the autologous setting has failed to show any significant advantage [12] [13] [14] . High-dose chemotherapy with autologous hemopoietic progenitor cell transplantation (AHPCT) is being widely and increaseingly prescribed in patients affected by MM [15, 16] . That this therapeutic option is incontestably of benefit for MM patients has been reinforced by the results of several trials, which definitively point out the superiority of high-dose over conventional treatment in terms of response rate, event free, and overall survival [17] [18] [19] [20] . Darbepoietin-alpha (Darbe) is a unique erythropoietic protein with a longer half-life than rHuEpo, allowing less frequent dosing [21] [22] [23] . We designed a spontaneous nosponsorized case-control study to determine whether a strategy of giving Darbe around 1 month after high-dose melphalan (HDM) and AHPCT in MM patients could effectively improve the rate of haemoglobin (Hb) rise and reduce RBC transfusion requirement in this setting.
Material and Methods

Patients and Samples
26 consecutive patients, 11 males 15 females, with de novo diagnosis of MM, stage II/III Durie-Salmon classification, were enrolled in the study protocol. The criteria for exclusion were: prior treatment for MM, another cancer, abnormal cardiac function (indicated by a systolic ejection fraction less than 50 percent), chronic respiratory disease (indicated by a vital capacity or carbon monoxide diffusing capacity less than 50 percent of predicted), abnormal liver function (indicated by a serum bilirubin level more than 2 mg per decilitre [35 μmol per litre] or an alanine aminotransferase or aspartate aminotransferase level more than four times the upper limit of normal) and psychiatric disease. All patients gave written informed consent to analyze their clinical data and the Ethics Committee of the local hospital approved this process. After the induction phase, patients were treated with Cyclophosphamide (CTX) chemotherapy 2 ) was used as a conditioning regimen for AHPCT. The day of stem cell re-infusion was termed day 0. All patients received prophylaxis including oral ciprofloxacin (500 mg every 12 h), acyclovir (800 mg every 8 h), either fluconazole (300 mg/d) or itraconazole (200 mg/d) orally from day 5 until neutrophil recovery and trimethoprim/ sulphomethaxazole from days -8 to 0. All patients received DMSO-depleted apheretic products in order to drastically reduce nausea, vomiting and cardiovascular symptoms [24] . Packed RBC and platelet concentrates (PC) were given when Hb < 8 g/dL and platelet count < 10 × 109/L, respectively, unless clinically indicated. Granulocyte-colony stimulating factor (G-CSF) was administered from day 3 until neutrophil engraftment. For comparison, 34 historical consecutive MM patients treated with the same chemotherapy regimen that had not received rHuEPO or Darbe after transplant in our department, were retrospectively analyzed and served as historical controls.
The main clinical characteristics and laboratory date, including White Blood Cells, Hb, and Platelets, of these patients before and after Darbe administration are summarized on Table 1 . 
Darbe Administration and Evaluation of Efficacy and Safety
This was a spontaneous no-sponsorized case-control study and no collaboration with a drug company was been stated. Darbe (150 micro g total dose/weekly) was started four weeks post AHPCT, after all patients engrafted, platelet count was self-sustained ≥ 20 × 10 9 /L, and patients resolved their transplant-related toxicity including mucositis and diarrhoea, with the aim of achieving an Hb level of ≥11 g/dL. Complete blood counts, transferring saturation %, serum ferritin level, serum sideraemia level and serum endogenous erythropoietin (Epo) level were measured at the time of Darbe start-up. For each patient, Hb was determined on the day before the administration of HDM, daily during the aplastic phase until engraftment, at study entry before the administration of Darbe, weekly until Darbe withdrawal and monthly for three months after AHPCT. Patients undergoing treatment with Darbe were defined as no responders if changes in Hb were less than 1 g/dL, partial responders if changes in Hb unrelated to transfusion were ≥1 and <2 g/dL, and complete responders if changes in Hb were ≥2 g/dL.
Statistical Analysis
The primary end point of this study was to evaluate the effect of Darbe after HDM and AHPCT on changes in Hb level from baseline and on the cumulative transfusion rate, calculated as the number of RBC units transfused in each single patient during the subsequent 3 months after transplant, and the capacity of patients to maintain an Hb ≥ 11 gr/dL during the time of observation.
The secondary end point was to evaluate the safety (i.e., risk of venous thromboembolism [VTE] and allcause or treatment-associated mobility and death). Safety was assessed by incidence and severity of adverse events by treatment group. All toxicities related to Epo were graded according to the National Cancer Institute Com -mon Toxicity Criteria.
The results were additionally compared with the data obtained in a historical group of patients with MM who were treated with HDM and AHPCT but did not receive an erythropoiesis-stimulating protein. Data were analyzed by descriptive statistical methods. Nonparametric correlations and differences between groups were calculated by the Mann-Whitney U test, by Fisher's exact test, Pearson chi-square, and by Mantel-Haenszel estimate with 95% CI, as appropriate. The time to reach the Hb target was performed using the Kaplan-Meier method. Statistical significance of associations between individual variables and the time to reach the Hb target was calculated by the log-rank test. All statistical calculations were performed using the statistical package SPSS for Windows, release 11.5, 2002 software (SPSS UK, Working, Surrey, United Kingdom). A value of p ≤ 0.05 was considered significant for all statistical calculations.
Results
There were no differences between the two groups in terms of gender, age, disease stage, amount of CD34+ cells infused and disease status at transplant and since cases were matched for Hb levels before HDM.
The median Hb levels at baseline were similar between the two groups, with a median value of 11.8 g/dL (interquartile range 8.2 -14.3) in the Darbe Group versus 11.7 g/dL (interquartile range 9 -13.8) in the Control Group. The median nadir of Hb after AHPCT was similar between the two groups (7.9 g/dL-interquartile range 5.4 -10.2 in the Darbe Group versus 8.1 g/dL-interquartile range 6.1 -10.1 in the Control Group). No significant differences in terms of myeloid and platelet engraftment and number of days with severe neutropenia were observed. Moreover, the days of hospitalization (14, range 12 -20, Darbe versus 14, range 11 -29, controls), the number of febrile episodes (48 % in the Darbe group versus 50% in the control group), the rate of mucositis (68% Darbe versus 66% controls), and were equally distributed between the two groups.
In the Darbe group, the median time to start the drug was 30 days (range 25 -35) post AHPCT. The day of Darbe start-up, the median Hb value was 9.5 g/dL (range Hb 8.1 -9.9 g/dL). All patients achieved a haematopoietic response (Hb concentration of ≥11 gr/dL in the absence of any RBC transfusions during the subsequent 3 months after transplant). A significant slower response to Darbe therapy was experienced by those patients starting with Hb levels <10 g/dL [4 weeks (CI 3 -5 weeks) versus 5 weeks (CI 3 -7 weeks), p = 0.05]. Furthermore, 100% of patients maintained an Hb ≥ 11gr/dL for the time of observation (3 months). An exploratory analysis revealed that baseline serum endogenous Epo concentration influenced the magnitude of the effect of Darbe. The Hb target was reached faster for patients with baseline endogenous Epo levels ≤ 50 mU/mL [4 weeks (CI 3 -5 weeks)] compared with endogenous Epo group > 50 mU/mL [6 weeks (CI 5 -7 weeks), p = 0.0098]. Thus, Darbe demonstrated clinically important improvements in response rate, regardless of baseline endogenous Epo level (Figure 1) .
In univariate analysis, response to Darbe therapy failed to be significantly associated with basal serum ferritin level, basal serum sideraemia levels and transferrin saturation % level. No correlation was found between status of disease before the transplant and the time to reach the Hb target.
Compared to historical controls, the mean Hb corre- (Figure 2) . The median number of RBC transfusions (unit) during aplastic phase was 1 (range 0 -5) in Darbe group and 0.5 (range 0 -4) in the control group (p = ns). RBC transfusion requirements included in the period of 30-90 days post-AHPCT was similar (no patients in Darbe group vs 3/36 in Control group, respectively, p = ns).
The administration of Darbe was not associated with related severe side effects (i.e., thromboembolic complications). Mild hypertension was reported in only one patient, fever in two patients (WHO 1 and WHO 2, respectively) and nausea in one patient (WHO 2).
Discussion and Conclusions
This is a spontaneous trial, addressing the vexing problem of anemia of delayed RBC recovery after stem cells transplant. The administration of rHuEpo has been shown to be effective in reducing both the time to RBC transfu- sion independence and the number of RBC transfusions in the allogeneic setting [10] [11] [12] . Conversely, early rHuEpo administration in the autologous setting has failed to show any significant advantage [12] [13] [14] . On the other side, Ponchio et al. [25] described that in patients undergoing high dose sequential chemotherapy for breast cancer, rHuEpo given before therapy can substantially reduce the use of allogeneic blood products. Baron et al. [26] showed that a short course of rHuEpo therapy therapy given between first and second HDM in MM patients allows second peripheral blood stem cell transplantation without RBC transfusion. As our point out, in the post transplant allogeneic setting, Epo seems to be effective, probably because the engrafted bone marrow is "healthy" as opposed to the autologous setting where the patient's own re-engrafted bone marrow is not so "healthy".
The timeliness of response is an important characteristic of anemia therapy. To investigate this, we evaluated the achievement of a target Hb threshold and subsequent maintenance of a Hb range (11 -13 g/dL) based on recommendations of the EORTC and ASH/ASCO evidence-based guidelines as well as on the approved label instructions for darbepoetin alfa and Epoetin alfa [27, 28] .
Although our work has the limitations of no randomization with a relatively small group of patients treated, the results show a more rapid increase in Hb level in patients treated with Darbe than in matched group of control patients. Moreover, 100% of patients achieved the Hb target level and maintained an Hb ≥ 11 gr/dL for the time of observation. This clinical practice has not resulted in a reduction of transfusion support, and the study failed this crucial objective. Probably, a more appropriate parameter for evaluating the benefit of treatment would have been the measurement of quality of life (QoL), but this was not the subject of the study. It is known that QoL significantly improves with increases in Hb level, particularly between 11 g/dL and 13 g/dL [29] .
The rationale of the study to start treatment with an erythropoiesis-stimulating protein after the recovery of the bone marrow and the return of Epo to an appropriate level for the degree of anemia in patients with AHPCT has already been successfully evaluated in other studies, including a prospective randomized trial using recombinant human Epo once a week [30] . The new aspect in the present study may be to show that the same effect can be achieved by using Darbe. No published data are available to describe the real-world community practice usage patterns and relative clinical effectiveness of Darbe after AHPCT. Darbe is a unique erythropoietic protein with an approximately threefold longer half-life than rHuEpo, allowing less frequent dosing. While Darbe has a longer half-life, it also has a lower affinity Epo-receptor binding coefficient and this essentially nets out, making the two molecules the same in clinical practice. In fact, the more patients are studied for their Epo half-lives, the more we realize that the patient type and the chemotherapy type can drastically alter the measurements between these two molecules [31] .
Other studies have started the Epo at the time of transplant (on day 1 after HPC infusion and continuing for 1 -2 months or until erythroid engraftment and carried it out 4 -6 weeks) not showing a difference from placebo [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . In this study Darbe started 4 weeks after transplant when the autologous marrow is recovering and, therefore, much more likely to respond to the exogenous Epo stimulation. The patients then may be in the anemia of chronic disease model (inadequate Epo for degree of anemia), or not (the bone marrow "failure" types and Epo levels high), leading further to the observation in this paper that those with the lower Epo levels were more likely to respond. This is the real crux of this study and taken together, this paper demonstrates the accelerating effect of Darbe on Hb increase in the setting evaluated and shows that this effect significantly depends on the endogenous Epo level at the start of treatment. The exploratory analysis is discussed that Epo concentrations were predictive of response, where the patients with Epo levels less than 50 have the greater response rates. This is a very important feature of this trial, which continues to make the point that anemia of chronic disease patients, i.e., those whose Epo levels do not raise enough in response to the developing anemia, have the best response to exogenous Epo therapy.
Elevated serum Epo levels are described after highdose chemotherapy without significantly changes in Hb [42] [43] [44] . The peak Epo levels are showed around 7 days after stem cells infusion, at the time of the nadir of RBC production. Contemporaneously with the hematological recovery, Epo levels grow again, and the duration of this period inversely correlates with the time of engraftment [45] . Furthermore, endogenous Epo remains appropriate for the degree of anemia in patients after AHPCT [42, 43] . Baron et al. [46] showed that after AHPCT endogenous Epo levels decreased slowly and remained adequate for the degree of anemia until day 21, when levels became inappropriately low. Epo values returned to appropriate levels around day100 after the transplant.
Prospective clinical trials are an essential tool for evaluating darbepoietin alfa versus epoietin alfa in the setting of AHPCT, but our results.
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